We conducted a cross sectional study to assess 1) the association between access to basic sanitation and fecal contamination of sentinel toy balls and 2) if other sanitation factors such as shared use and cleanliness are associated with fecal contamination of sentinel toy balls. We assessed sanitation facilities in 454 households with a child aged 6-24 months in rural Bangladesh. We defined "basic" sanitation as access to improved sanitation facilities (pit latrine with a slab or better) not shared with other households. In each household, an identical toy ball was given to the target child. After 24 hours, the balls were rinsed to enumerate fecal coliforms as an indicator of household fecal contamination. Households with basic sanitation had lower fecal coliform contamination than households with no access to basic sanitation (adjusted difference in means: 0.31 log 10 colony forming units [CFU]/toy ball; 95% confidence interval [CI]: 0
Abstract.
We conducted a cross sectional study to assess 1) the association between access to basic sanitation and fecal contamination of sentinel toy balls and 2) if other sanitation factors such as shared use and cleanliness are associated with fecal contamination of sentinel toy balls. We assessed sanitation facilities in 454 households with a child aged 6-24 months in rural Bangladesh. We defined "basic" sanitation as access to improved sanitation facilities (pit latrine with a slab or better) not shared with other households. In each household, an identical toy ball was given to the target child. After 24 hours, the balls were rinsed to enumerate fecal coliforms as an indicator of household fecal contamination. Households with basic sanitation had lower fecal coliform contamination than households with no access to basic sanitation (adjusted difference in means: 0.31 log 10 colony forming units [CFU] /toy ball; 95% confidence interval [CI] : 0.61, 0.01). Shared sanitation facilities of otherwise improved type were more likely to have visible feces on the latrine slab compared with private facilities. Among households with access to improved sanitation, households with no visible feces on the latrine slab had less toy ball contamination than households with visible feces on the latrine slab (adjusted difference in means: 0.38 log 10 CFU/toy ball; 95% CI: 0.77, 0.02). Access to basic sanitation may prevent fecal contamination of the household environment. An Improved sanitation facility used by an individual household may be better in preventing household fecal contamination compared with improved facilities shared with other households.
INTRODUCTION
Inadequate sanitation is an important risk factor for poor health especially in low and middle income countries. [1] [2] [3] [4] In addition to its link with diarrhea morbidity 5-8 and mortality, [8] [9] [10] inadequate sanitation is associated with the risk of trachoma, 11,12 helminthiasis, 8, 13, 14 and schistosomiasis. 3 The WHO/UNICEF Joint Monitoring Program (JMP) for water supply and sanitation categorizes sanitation as improved or unimproved for international monitoring. The sanitation categories that are considered as improved for international estimates include pit latrine with a slab, ventilated improved pit latrine, or flush/pour-flush latrine (Table 1) . [15] [16] [17] To monitor the progress toward the post-2015 Sustainable Development Goals (SDG) related to sanitation "basic sanitation" is defined as access to improved sanitation facilities not shared with other households. 18 Since the Millennium Development Goal (MDG) period, shared facilities of otherwise improved technology were not considered as basic because of concerns regarding cleanliness, maintenance, and access. 15, 19 However, the implications of using a shared facility are likely to be different in urban and rural contexts. In crowded, urban areas of most low income countries, shared facilities might be the only viable option to avoid open defecation, and in rural areas households with family ties often share a facility to keep costs down. 15 To monitor the progress toward sanitation for the post-2015 SDG, the technical working group on sanitation proposed that sanitation facilities shared by up to five households who know each other should be considered as basic. However, the JMP decided to continue excluding shared facilities from basic sanitation and report shared facilities separately as a different rung (limited sanitation) in the sanitation ladder because of concerns including lack of country level data on limited sharing and lack of privacy and security of the shared facilities. 16, 18, 20 There is very limited empirical evidence to judge the extent to which basic sanitation facilities achieve their purpose in separating feces from the environment. 6, 7, 21 Few studies have explored the effect on health of access to different levels of the sanitation ladder as classified by the JMP. 9, 21, 22 Findings from Indonesia suggested that lack of basic sanitation was associated with higher reported diarrhea (odds ratio = 1.23, 95% confidence interval [CI] = 1.18-1.29).
9 A recent systematic review identified 21 studies that compared health outcomes associated with shared versus individual household latrines.
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However, as noted by the authors of the systematic review, most of these studies did not adequately address potential confounding and did not allow the effect of different types of shared sanitation to be distinguished. An analysis of Demographic and Health Surveys from 51 countries found access to limited sanitation facilities to be associated with adverse health outcomes (compared with basic sanitation access).
22 However, this finding was not consistent across all countries, suggesting that the environmental, social, and economic contexts are also important. There is evidence from a small number of observational and intervention studies that access to flush or pour flush latrines connected to a piped sewer system or septic tank or pit and composting latrines is associated with a lower risk of diarrhea. [23] [24] [25] [26] [27] [28] However, from these studies it is not known whether pit latrines with a slab (improved, as defined by JMP) provide similar protection from diarrhea.
There is limited evidence on the impact of basic sanitation access on household fecal contamination. [29] [30] [31] [32] The current approaches to measure levels of household fecal contamination include sampling for contamination in drinking water, [29] [30] [31] [33] [34] [35] on hands, 31 and on household surfaces. 29, 32 Toys used by young children may have a high level of fecal contamination and may play an important role in diarrheal disease transmission. [36] [37] [38] [39] Children are more likely to be exposed to contamination on toys than other surfaces and fomites. Hands may be a more direct indicator of levels of contamination that the child may come across. However, hand contamination data are likely to be highly variable because of variation in handwashing practices. 40 Compared with hands, toy balls are less subject to washing. Toy balls might be more directly in contact with the household environment than stored water. As a result, the contamination levels on a toy ball (a sentinel toy) might be a useful indicator of a child's exposure to household fecal contamination. 41 The sentinel toy method has been used in previous studies of sanitation in Bangladesh and India. 41, 42 Whereas these studies demonstrated the feasibility of using toy balls as a measure of household fecal contamination, from these studies we do not know if access to basic sanitation is associated with household fecal contamination.
A study conducted in Peru found that basic sanitation was associated with lower levels of fecal indicator bacteria (Escherichia coli) on toys compared with households that lacked basic sanitation. 43 A second study conducted in Honduras also found that households with basic sanitation had lower levels of total coliforms on toys compared with households that lacked basic sanitation. 44 However, these studies had limited sample sizes, so could not assess the effect of a range of confounding variables that may affect the association between fecal contamination and sanitation access.
In this study, we assessed the association between sanitation facility type and microbial fecal contamination of "sentinel toy" balls (as an indicator of household environmental contamination). An identical toy ball (the "sentinel toy") was given to a child in each participating household, and microbial contamination of the balls was subsequently measured. The primary objective of the study was to assess the association between access to basic sanitation and fecal contamination of sentinel toy balls. The secondary objective was to determine whether sanitation factors, such as shared sanitation facility use, presence of flush or pour flush technology, and cleanliness of the sanitation facility were associated with fecal contamination of sentinel toy balls.
METHODS
We conducted an observational, cross sectional study between September and October 2013, in rural areas of Mymenshingh and Narshingdi districts of Bangladesh.
Study context.
We conducted the study in villages that were participating in the Sanitation, Hygiene Education, and Water supply in Bangladesh (SHEWA-B) health impact study described elsewhere. 45 As part of the SHEWA-B program, selection of intervention subdistricts was determined by the perceived need and the absence of other active programs addressing water, sanitation, and hygiene. In Bangladesh, subdistricts are subdivided into unions, the smallest administrative unit. A representative sample of unions from the target subdistricts was selected with the probability of selection proportional to the population of the union. Once a union was selected, one village from the union was selected at random.
Household selection.
We first collected a list of study villages enrolled in the SHEWA-B health impact study situated in Mymensingh and Narshingdi districts. Using the list, we selected a simple random sample of 46 villages using the random number generator in Microsoft Excel. Fieldworkers identified 10 eligible households in each village. A household was considered eligible if it included a child aged between 6 and 24 months residing at the house (target child) on the day of the visit, had no more than one latrine, and was more than 50 m from any other selected household. Field workers entered the village and identified the beginning of its main road by asking the local inhabitants. From the starting point they searched for the closest eligible household. After selecting the first study household they looked for the next eligible household which had to be at least 50 m from the first study household. The distance between households was measured using a handheld global positioning system unit "Garmin Etrex legend H" (GARMIN).
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Data and sample collection.
Data were collected using a questionnaire survey and environmental spot-check. To assess fecal contamination of household environments, the enumerators also collected microbiological samples. These methods are outlined below.
Questionnaire survey.
The enumerators used a verbally administered, structured questionnaire survey to collect information about household possessions, parental education, water, sanitation, and hygiene behavior. The respondents were the primary caregivers (usually the mothers) of the target children.
Environmental spot-check.
The environmental check included a visual inspection of the house and compound. A compound in rural Bangladesh is comprised of a few households, often owned by members of an extended family who usually share a yard and water and sanitation facilities. The enumerators conducted visual inspections of water, sanitation, and hygiene related infrastructure using a checklist. The enumerators recorded the features related to infrastructure and cleanliness at the time of visit. They also visually checked around the house and compound for presence of animal and human feces and recorded the number and type of feces observed. The field workers inspected the hands and nails of the target child for visible dirt.
Microbiological sample collection.
Sample collection.
Fieldworkers, trained in collection and handling of microbiological samples, supplied an identical, sterile, rubber toy ball with a 20 cm circumference (Picture 1) to the target child in every study household. The primary caregiver was told that the child should be allowed to play with the toy ball in his/her usual play sites and with his/her usual playmates. The fieldworkers returned to the households approximately 23-25 hours after supplying the toy balls. They rinsed the balls in a Whirl-pak bag (19  38 cm) filled with 200 mL of Ringer's solution for 30 seconds. 41 The field workers transported the samples to the Environmental Microbiology Laboratory of icddr,b maintaining a temperature of 4-10C in a cool box within 15-18 hours of collection.
Enumeration of fecal coliforms.
We used fecal coliforms as the indicator to assess fecal contamination of toys based on the previously detected association between sanitation and the presence of fecal colifroms on toys in two small scale observational studies conducted in Bangladesh. 30, 47 Although E. coli is more fecal specific than fecal coliforms and recommended as an indicator for recent, human and animal fecal contamination of water, [48] [49] [50] [51] there is limited evidence for presence of E. coli on toys and hands being associated with sanitation. 31, 52 Enterococci are more fecal specific and a better predictor of diarrheal disease risk than fecal streptococci and fecal coliforms. 48, [53] [54] [55] [56] [57] However, there is a lack of evidence that enterococci presence on hands or toys is associated with sanitation. Moreover in the current study setting there was no capacity to detect enterococci.
The samples were stored at 2-8C and analyzed to detect fecal coliforms within 24 hours of collection. The toy rinse samples were processed using the membrane filtration technique. Because the method of enumerating fecal indicator bacteria from rubber toy balls was used in two previous studies in similar settings, we did not conduct a validation of the method.
41,52
However, we conducted a pilot study to assess the feasibility of sample collection and processing.
Five milliliters (mL) of the recovery medium that bathed each toy ball was collected and filtered through a 0.22 m Millipore (Billerica, MA) membrane filter. The membrane filter was then placed onto modified fecal coliform (mFC) agar plates. The plates were incubated at 44.5  0.2C for 22-24 hours, and the blue and greenish-blue colored colonies on the mFC agar were recorded as fecal coliforms after standard procedures. 58, 59 A previous study conducted by Pope et al. 60 found that if samples are held below 10C and are allowed not to freeze, most surface water samples analyzed by using commonly used methods (e.g., membrane filtration) up to 48 hours after sample collection, can generate E. coli data comparable to those generated within 8 hours of sample collection. In our study, for samples with no colonies or more than 500 colony forming units (CFU) per plate were recultured after 24 hours. If no colonies were found from the initial sample, 50 mL of recovery media was filtered on the following day from the stored sample and the culturing process was repeated. If the characteristic colony counts from the initial sample were more than 500 per plate, 5 mL of 10 times diluted sample was taken and the filtration and culturing processes was repeated. We also inoculated 100 L of original, 10 times diluted and 100 times diluted samples on to mFC media after the drop plate technique and used this to quantify samples where the colonies on the membrane filters from the second day were again too numerous to count. 61, 62 The results were expressed as CFU per 200 mL of recovered medium that bathed the toy ball.
Human subject protection.
The study protocol was approved by the Ethical Review Committee of icddr,b and the London School of Hygiene and Tropical Medicine, United Kingdom. Written, informed consent was taken from the primary caregiver of the child.
Sample size calculation.
Results of a pilot study conducted in 20 households found that in households with access to basic sanitation the mean fecal coliform count was 2.33 log 10 CFU per toy ball. We expected the ratio of households without access to basic sanitation to households with basic sanitation to be 1.5 in the sample selected regardless of the latrine access status based on an earlier study in a similar setting. 45 In the SHEWA-B impact assessment study, we calculated a design effect of 2.5 considering diarrhea as outcome. So we considered a design effect of 2 assuming a similar intraclass correlation of environmental contamination as diarrhea because we did not have enough data to calculate design effect in this setting. We did not know how much reduction in fecal contamination on the toy ball will be policy relevant. So rather than calculating a sample size based on how much reduction is expected, we calculated the minimum detectable difference in mean CFU if we take a sample size that we could manage with our budget. Assuming a design effect of 2, comparing 180 households with basic latrines and 270 household without basic latrines with at least 80% power, we estimated to be able to detect a minimum difference of 0.65 mean log 10 CFU of fecal coliforms per sentinel toy ball. Allowing for a 2% loss to follow up, we estimated the necessary sample size to be 460 households.
Data analysis.
We first categorized sanitation facilities using the sanitation ladder proposed by the JMP as: 1) basic (use of improved sanitation facilities which are not shared with other households, 2) limited (use of improved sanitation facilities shared between two or more households), 3) unimproved (use of pit latrines without slabs, hanging latrines, or flush/pour flush latrines connected to open water bodies), and 4) open defecation (no facility). 20, 63 We then categorized sanitation access as a binary variable referred to as basic or lack of access to basic sanitation (the latter being the combination of limited, unimproved, and no facility).
To assess the household wealth, we used principal component analysis with 23 household characteristics 64, 65 (Table 1) , excluding water and sanitation. We calculated the means, frequencies, and score coefficients and used the correlation matrix of the 23 variables to calculate sample weights. 64, 66, 67 During the questionnaire survey, if the enumerators observed no visible dirt on the hands and nails of the target child, the child was considered to have clean hands. We considered a household to have a clean latrine if the enumerators found no visible feces on the slab/floor or pan of the latrine during the spot-check. Reported disposal of feces of children under 3 years of age was categorized as safe (defecation into a latrine, disposal of stool into a latrine or buried) and unsafe as proposed by the JMP.
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If the fecal coliform concentration was zero per toy ball, we replaced the zero value with 0.5 and then transformed the fecal coliform concentrations using logarithm to the base of 10. We calculated the difference in log 10 transformed arithmetic mean CFU of fecal coliforms comparing households with different types of sanitation using a linear regression model. To account for clustering at the village level, we used a generalized least squares random-effects model explicitly allowing the average outcome to vary between village clusters.
We conducted univariable analyses to estimate the crude effect of the primary exposure variables and potential confounding variables on the main outcome (fecal coliform count) adjusting for the effect of village level clustering. We then conducted multivariable analysis that included the primary exposure, primary outcome and potential confounders. A causal diagram was developed to decide which variables should be included as a potential confounder, excluding variables on the same causal pathway as the exposure variables (Figure 1) . 69, 70 All of the potential variables that were associated (P value < 0.1) with the exposure and the outcome in the univariable analysis were included in the final multivariable model. For a variable to be considered associated with the outcome in the univariable analysis, we used P < 0.1 as cut off instead of the conventional P < 0.05 so as to be more inclusive in our effort to include all potential confounders. However, for associations based in adjusted analyses, based on multivariable models we did not consider a specific threshold P value. 69 Rather we considered the smaller the P value the stronger the evidence against the null hypothesis. The models were tested for normality of residuals and homoscedasticity. We implemented separate models to understand the sanitation factors associated with fecal contamination among a subgroup of households that had access to an improved sanitation.
RESULTS

Descriptive household characteristics.
Of 468 households visited, eight were excluded for having more than one latrine. Of 460 households enrolled for the study we could not sample sentinel toys from six households. As a result, we present data from 454 (99%) households.
Among the 454 households there were on average 5.6 persons per household with on average 1.3 children under the age of 5 years. The majority of households (83%) owned domestic animals. Most of the households (95%) reported having access to a latrine. Among them, 53% (N = 230) reported sharing the latrine with at least one other household. On average, a latrine was used by two households or 7.6 individuals ( Table 1) .
Only 22% of households reported disposing of feces of children under 3 years of age safely. Enumerators observed human feces around the house in 13% of the households. Of the 409 (90%) households with access to a latrine with a slab, enumerators classified 35% of the latrines as clean. The most common type of latrine was a pit latrine with a slab but no water seal (N = 189, 42%). About half (51%) of the 230 households that reported using a shared latrine reported sharing the facility with only one other household. Only eight households shared a latrine among more than five households (data not shown). Twenty five percent of the households visited had access to basic sanitation (Table 2) Household characteristics and fecal contamination of toy balls.
Among the 454 sentinel toys sampled, 37% of the samples were repeated on a second day because either zero or more than 500 CFU were detected on the first day. The proportion of samples repeated from households with improved sanitation was similar (37%) to those from household with unimproved sanitation (27%). The lower detection limit per 200 mL of recovery media was (50/200  1 = 4) and the upper detection limit was ([200  1,000  100]/100  500 = 100,000,000). After repeating the samples after 24 hours, 49 (11%) of the samples were below the lower detection limit for fecal coliforms. On average there were 2.09 (standard deviation = 1.37) log 10 CFU/toy ball of fecal coliforms with a median of 2.08 log 10 CFU/toy.
The levels of fecal coliforms in samples collected from Narshingdi district were higher than those collected from Mymenshingh district (adjusted difference in means = 0.52 log 10 CFU/toy ball; 95% CI: 0.25, 0.78; P < 0.01). The toy rinse samples were collected between 9.00 AM and 2.00 PM. With each 1 hour increase in time of day of the sample collection, there was a 0.16 log 10 decrease in the level of fecal contamination (adjusted, 95% CI: 0.27, 0.06; P < 0.01) ( Table 2 ). Samples collected from households where the mother had some formal education had lower levels of fecal contamination compared with those households where mother had no formal education (adjusted difference in means = 0.30 log 10 CFU/toy ball, 95% CI: 0.64, 0.04), but the statistical evidence was weak (P = 0.08) ( Table 2) .
Households where enumerators observed more than 10 piles of cow dung on the household premises had more contamination with fecal coliforms than those with no cow dung at the time of visit (adjusted difference in means = 0.40 log 10 CFU/toy ball; 95% CI: 0.00; 0.79; P = 0.05) ( Table 2 ). Toy ball samples collected from households with a water drainage system had less contamination than those without (adjusted difference in means = 0.32 log 10 CFU/toy ball; 95% CI: 0.58, 0.06; P = 0.02).
Basic sanitation and fecal contamination.
Toy rinse samples from households with basic sanitation (MDG definition) had less contamination with fecal coliforms than households without access to basic sanitation (difference in means = 0.36 log 10 CFU/toy ball; 95% CI: 0.65, 0.07; P = 0.02) ( Table 2) . After adjusting for potential confounders the difference in means was reduced to 0.31 log 10 CFU/toy ball (95% CI: 0.61, 0.01), and the strength of statistical association became weaker (P value = 0.04) ( Table 2 ).
Other sanitation characteristics and fecal contamination (sub-group analysis).
Households with improved flush/pour flush latrines had less fecal toy contamination than those with improved but nonflush technologies (Difference in means 0.45; 95% CI: 0.81, 0.09). In the adjusted analysis the difference in means was reduced and the statistical evidence weakened considerably (difference in means 0.27; 95% CI: 0.67, 0.13; P value = 0.19), suggesting that the difference observed could be because of chance alone (Table 3) .
Toy ball samples collected from households with private improved sanitation had less fecal contamination than those with access to improved sanitation shared by two to five households (difference in means 0.49 log 10 CFU/toy ball; 95% CI: 0.13, 0.85; P = 0.01). In the adjusted analysis the difference in means was somewhat smaller and the strength of association became weaker (difference in means 0.45 log 10 CFU/toy ball; 95% CI: 0.05, 0.75; P = 0.08) (Table 3) .
Toy ball samples from households with access to improved and clean latrines had less fecal contamination (difference in mean 0.36 log 10 CFU/toy ball; 95% CI: 0.73, 0.00; P = 0.05) compared with improved but dirty latrines. In the adjusted analysis, the difference in fecal coliform contamination changed slightly with slightly weaker strength of association (difference in means 0.38 log 10 CFU/toy ball; 95% CI: 0.77, 0.02; P = 0.06) ( Table 3) .
DISCUSSION
In this observational study, we assessed the association between sanitation type and microbiological fecal contamination. We found that access to basic sanitation was associated with lower levels of fecal contamination compared with households with no access to basic sanitation after adjusting for potential confounding factors. Although some of the difference in fecal contamination observed in this study was due to confounding, there were still differences in levels of household fecal contamination that could be due to the protective effect of access to basic sanitation.
In this study, sanitation was measured before fecal contamination of sentinel toys was measured. The association of basic sanitation with fecal contamination in the unadjusted analysis is consistent with findings from earlier studies conducted in Honduras, 44 Peru, 43 and Bangladesh. 30, 41 Although by contrast, in a study conducted in Tanzania, basic sanitation was not associated with fecal indicator bacteria level on hand-contact surfaces in latrines. 32 However, the geographical context was different and most importantly the exposure pathway and the indicator bacteria measured were different. Studies conducted in Tanzania and Indonesia that attempted to adjust for the effect of several confounding factors found basic sanitation to be associated with lower levels of both fecal indicator bacteria 31 and diarrhea. However, in our observational study, we cannot establish causality as many unmeasured household and child characteristics may have influenced fecal contamination. In our study, lower fecal contamination of the toy ball was also associated with the absence of animal feces, mother's education, and presence of appropriate water drainage and study site. It is possible that fecal contamination of the household environment is actually influenced by underlying, unmeasured, broader, social, cultural, and environmental differences. 22, 71 It is possible that access to an improved latrine and absence of animal feces, mother's education, and presence of appropriate water drainage are all proxy measures of these unmeasured differences and hence associated with fecal contamination. An experimental study would help better understand this issue.
Our data suggest that the observed differences in indicators of fecal contamination on sentinel toys between households with access to basic sanitation and no access to basic sanitation may be attributed to factors related to use rather than the sanitation infrastructure. There could be several possible explanations to support this assumption.
First, it is possible that the sanitation facilities considered as improved by the JMP are not more effective in confining feces than the facilities considered as unimproved. The main infrastructural difference between improved and unimproved sanitation facilities is the presence of a slab. Even in the presence of a slab, flies can still act as a vector to transmit organisms originating in the feces and contaminate household environment. 72 In our study in the subgroup analysis, improved sanitation with a water seal was associated with greater reduction in fecal contamination compared with improved sanitation with a slab but without a water seal. The presence of a water seal may prevent flies breeding within the latrine and may reduce fly numbers and, thereby, provide protection from one route of fecal contamination of household environment. Our findings are in line with findings from previous studies conducted in Ghana, where households with a dry pit latrine or no latrine had higher odds of having E. coli contamination of stored water relative to those with a water seal latrine.
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There is also evidence from other studies that access to improved sanitation with a water seal is associated with lower diarrhea morbidity, compared with improved sanitation with no water seal. 23, 26, 27 This may suggest that access to sanitation facilities with a water seal provides better protection from fecal contamination compared with nonflush latrines.
Second, in these settings a household could be exposed to fecal contamination even in the presence of a sanitation facility that successfully separates human feces from the environment because of other routes of household fecal contamination such as unsafe disposal of child feces, 32,73 lack of exclusive use of sanitation facilities, lack of improved sanitation facilities in the neighborhood, and the presence of animal feces. Moreover, lack of optimal management of fecal sludge from onsite sanitation facilities may also contribute to household fecal contamination that access to household sanitation cannot prevent. Thus, improving household sanitation infrastructure alone may be insufficient to reduce household fecal contamination.
When we conducted subgroup analysis among households with access to improved sanitation, we found that sharing sanitation was associated with higher levels of fecal contamination, although with a small sample size in the subgroup the statistical evidence was weak. Previous studies have also reported adverse health outcomes associated with shared sanitation facilities. 21, 22 In contrast, shared sanitation was found to be protective against fecal contamination of hand-contact surfaces within a latrine in rural Tanzania. 32 However, in this study the mechanism by which sharing a latrine prevented fecal contamination is unclear. The findings related to the effects of shared sanitation in previous studies are inconsistent and context specific.
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Shared sanitation facilities may not be as effective in separating feces from the environment as individual latrines for the following two reasons. First, shared facilities may be dirtier and may wear out or break more quickly than private latrines because of higher use rates. In our study shared facilities were more likely to have feces present on the latrine floor (data not shown). However our data suggest that sharing may lead to higher fecal contamination as measured by sentinel toys independent of latrine cleanliness suggesting that other mechanisms may also play an important role. Second, people who use shared facilities are likely to be poorer and headed by people who lack formal education.
74 Socioeconomic status and lack of parents formal education has been linked with higher level of fecal contamination in this study and in a previous study. 41 Although, in our study sharing was associated with higher fecal contamination independent of wealth status and mother's education there may be residual confounding because of unmeasured social, environmental, and cultural factors that may influence fecal contamination in this context. The mechanism of how shared sanitation increases health risk needs to be understood in more detail in future research.
Our estimated minimum detectable difference in mean fecal coliform counts used for the power calculation was higher than the difference we found from our data. This suggests that our study had low statistical power. Nevertheless, the fact that access to basic sanitation is associated with lower levels of fecal contamination even after adjusting for common confounding, which is also consistent with findings from previous studies, may point to an independent link between sanitation type and fecal contamination.
In this study there was a trend of reduction of fecal coliforms as the day progressed which may, have been due to increasing sunlight causing sunlight-induced die-off of pathogens in the environment as well as on the toy ball. 75 The decrease in level of fecal contamination with increase in time of day was observed over multiple days. However, we did not include the day of data collection in the multivariable analysis; but we did adjust for clustering at village level. We collected data from all households from a village cluster on the same day. So any confounding due to collecting data on a given date will be accounted for by adjusting for the village cluster. Moreover, adding the date of data collection in the multivariable model did not change our effect estimate. Because it was more important to adjust for village cluster than date of data collection, we have decided not to include date of data collection in our multivariable model.
An important limitation of this study is that the use of fecal indicator bacteria used to assess fecal contamination were not human-specific. This random measurement error can introduce bias because of misclassification of outcome. As a consequence, the confidence intervals of the estimates presented are likely to be wide making the results less likely to be statistically significant even if in reality a difference exists. 76 Further study with a larger sample size could increase our understanding of the role of improved sanitation in reducing household fecal contamination.
76 Using molecular markers of human specific pathogens as indicators of fecal coliform could help reduce this bias in future studies. Presence of fecal indicator bacteria does not necessarily mean health risks. However, there is evidence to suggest that the presence of fecal coliforms in environmental samples may be associated with diarrheal illness. [36] [37] [38] [77] [78] [79] [80] In our study, the presence of fecal coliforms was associated with sanitation type after adjusting for the effect of presence of animal feces, consistent with findings from similar settings.
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Another important limitation of the study is use of a proxy measure to assess household fecal contamination. We sampled sentinel toys after 24 hours and on only one occasion. This may not constitute a comprehensive measure of child exposure to average household fecal contamination. Nonetheless, contamination on toys may be more representative of exposure to fecal contamination from the household environment than water, hands, or surfaces. Existing household toys might be better proxies than experimentally introduced sentinel toys. However, in previous studies contamination of existing household toys was found well correlated with sentinel toys. 41 Moreover, in previous studies sanitation was found to be associated with both existing household toys and experimentally introduced toys.
44 Previous studies have left toys for longer periods, up to 10 days before sampling, but in our study we left the ball only for a day. However, considering the survival times of fecal indicator bacteria in the environment and the recovery efficiency, it seems likely that the indicator bacteria measured in these studies may be from recent contamination. 42 Previous studies have also found that two toy samples introduced at the same time and few days apart had similar coefficients of variation, suggesting that fecal contamination of a toy left for only 24 hours is still comparable to contamination on toys already existing in the household. Future studies assessing the reliability of these measurements in the same setting and over time would also be helpful to understand how well a single measurement might capture exposure.
The findings from this observational study suggest that basic sanitation used by individual households may be better in reducing household fecal environmental contamination compared with shared facilities. Addition of a water seal may also improve the environmental protection afforded to a household by a latrine compared with latrines with a slab alone. However, further studies with sufficient statistical power and an experimental design are required to understand if this association is causal. In addition to sanitation infrastructure, cleanliness of latrines should be considered an important indicator to monitor sanitation. Even in the context of rural areas where sanitation facilities are shared by acquaintances, the facilities may be dirtier than individual latrines. We recommend public health interventions to improve and monitor latrine cleanliness, particularly for shared sanitation. Shared facilities may pose health risks because of many factors other than just cleanliness. We need further studies to better understand the mechanism by which shared facilities pose health risks. 
